Abstract: Syzygium aromaticum (L.) Merr. & L.M. Perry, Myrtaceae, is an evergreen tree with anticarcinogenic, antimutagenic, aphrodisiac, antimicrobial, antioxidant and antiinflammatory properties. This study aims to investigate the anti-breast cancer effect of extracts from leaves, stem and bark of S. aromaticum and to develop a method for preparation of betulinic acid fraction from the leaves. Betulinic acid, ursolic acid and oleanolic acid contents of the extracts were determined by HPLC. A betulinic acid fraction was prepared by simple crystallization of leaves extract and was characterized by HPLC and mass analysis. Anti-breast cancer effects were studied on MCF-7 and MDA-MB-231 cells. The extracts were found to contain high levels of betulinic acid particularly the leaves extract which contained 17% wt/wt. The betulinic acid fraction contains 75% betulinic acid. Cytotoxicity testing reveals high and selective cytotoxic effect of the stem extract on MCF-7 cells with IC50 33±1.6 µg/mL. Cytotoxic effect of the stem extract was due to activation of apoptotic machinery of cell death. Combination studies of stem extract with tamoxifen reveals antagonistic effect at high concentration of tamoxifen and enhancement effect at low concentration. The selective cytotoxicity of the stem extract of S. aromaticum on MCF-7 is not due to betulinic acid but due to other constituents yet to be discovered.
Introduction
Syzygium aromaticum (L.) Merr. & L.M. Perry (SA) is an evergreen tree from the family Myrtaceae. The tree is cultivated in most tropical countries including Malaysia, Indonesia, Zanzibar, India, and Sri Lanka. The essential oil obtained from the dried fl ower buds of SA (clove) has been used since ancient times in traditional medicine, perfume industry and in fl avorings (Zheng et al., 1992) . Traditional uses of clove oil include treating burns, dental care to relieve pain and to treat gum infections when used at high concentrations (Prashar et al., 2006) , and to treat respiratory and digestive problems (Banerjee et al., 2006) . Phytochemical studies showed eugenol, eugenol acetate, caryophyllene, and sesquiterpenes as the main constituents of clove essential oil (Zheng et al., 1992; Chaieb et al., 2007) .
Previous research on SA includes remarkable biological properties such as anticarcinogenic (Zheng et al., 1992) , antimutagenic (Miyazawa & Hisama, 2001 ) aphrodisiac (Tajuddin et al., 2004) , mosquito repellent (Trongtokit et al., 2005) , cytotoxicity on human fi broblasts and endothelial cells (Prashar et al., 2006) , antimicrobial (Chaieb et al., 2007) , chemopreventive agent for lung cancer (Banerjee et al., 2006) , antioxidant (Ogata et al., 2000) , antiangiogenic (Aisha et al., 2011) and antiinfl ammatory (Darshan & Doreswamy, 2004) .
Betulinic acid (BA), oleanolic acid (OA) and ursolic acid (UA) are pentacyclic triterpenes of natural origin isolated from various plants (Jäger et al., 2009) . Recently the compounds have gained considerable interest because of their multiple pharmacological effects including anti-HIV (Fujioka et al., 1994) , antibacterial (Mutai et al., 2009) , antiviral (Pavlovaa et al., 2003) , anticancer (Fulda, 2008) , antiangiogenic (Mukherjee et al., 2004) and antiinfl ammatory activities (Viji et al., 2010) .
This study was undertaken to investigate the anti-breast cancer effect of three extracts from the leaves, stem and bark of S. aromaticum. The study also aims to develop a process for preparation of BA fraction from the leaves extract and to determine betulinic acid, ursolic acid and oleanolic acid contents of the crude extracts. The motivation behind this study was to highlight the importance of SA as a good source of BA and its significance as a potential anti-breast cancer agent.
Materials and Methods

Chemicals
DMEM cell culture medium and fetal bovine serum were obtained from GIBCO, USA. BA, UA, OA, tamoxifen, penicillin/streptomycin solution, XTT reagent, phenazine methosulfate (PMS) and Hoechst 33258 were purchased from Sigma. Solvents of either HPLC or analytical grade were purchased from Merck. Caspase 3/7 kit was purchased from Promega.
Plant material and extraction
Fresh leaves, bark and stems of Syzygium aromaticum (L.) Merr. & L.M. Perry, Myrtaceae, were collected from the botanical garden of School of Pharmaceutical Sciences, USM during December 2009. The plant was authenticated by Mr. Shanmugan A/C Vellosamy, Herbarium of School of Biological Sciences, where a voucher specimen (11208) was deposited for reference. The dried and grinded plant material was extracted exhaustively in methanol by Soxhlet extractor for 48 h. Methanol was evaporated at 50 °C under reduced pressure and the extracts were saved in air tight containers until use. The percent yield (wt/wt) was calculated relative to the plant dry weight which was 12% (leaves), 9% (stem) and 8% for bark extract.
Preparation of BA fraction from leaves extract of SA
Dried leaves (40 g) were extracted in methanol as mentioned above. The dried methanolic extract was washed three times with ice-cold methanol at 10:1 v/ wt, and the solid material was collected each time. The resulting solid material was crystallized in 4:1 methanol: n-hexane at room temperature by solvent evaporation. 600 mg of needle shaped crystals was obtained. The BA content of the crystals was analyzed both qualitatively and quantitatively by HPLC and direct infusion electrospray mass spectrometry (ESI-MS) as described in the next section.
Direct-infusion electrospray mass spectrometry
Mass spectra were obtained using a LC-MSDTrap-VL Electrospray ion (ESI) mass spectrometer (Agilent Technologies) in direct infusion mode. The samples were prepared in HPLC grade methanol and were injected directly into the ESI source at a flow rate of 5 µL/min. The MS conditions were as follows: negative ion mode; gas (N2) (Srivastava & Chaturvedi, 2010) . Analytical chromatography was carried out using a reverse phase Zorbax Eclipse Plus C18 (5 µm, 4.6 x 250 mm) column. The mobile phase consisted of A (acetonitrile), B (0.1% H 3 PO 4 in water). The elution program was isocratic at 86% A and 14% B for 20 min. The flow rate was maintained at 1 mL/min and the injection volume was 10 µL. The spectral data from the UV detector was collected mainly at 210 nm (in addition to 230 and 254 nm, for BA fraction) and data acquisition was performed by ChemStation version A.08.03. The calibration curves of BA, UA and OA reference compounds were constructed by plotting the peak area versus concentration. The resulting linear regression equations were applied to calculate the concentration of each particular triterpene in the samples. The results are presented as wt/wt percentage using the formula: (the calculated concentration/loaded concentration) X 100% (n=3).
Cell lines and cell culture
MCF-7 human estrogen dependent breast cancer and MDA-MB-231 human estrogen independent breast cancer cell lines (ATCC) were cultured as monolayer in DMEM containing 10% fetal bovine serum and 1% penicillin/streptomycin at 37 °C in a humidified atmosphere of 5% CO 2 .
Cytotoxicity testing
Cytotoxic effect of extracts was evaluated using 2,3-bis[2-methyloxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide (XTT) assay as described previously (Jost et al., 1992; Aisha et al., 2009a) . Briefly, cells were seeded in 96-well plates and incubated for overnight to allow attachment. Cells were treated with different concentrations of extracts, positive control (tamoxifen) or vehicle (DMSO). After 48 h treatment, cell's viability was assessed by XTT test. The optical density was measured at 450 nm, and the percent viability was calculated using the formula (absorbance of samples Syzygium aromaticum extracts as good source of betulinic acid and potential anti-breast cancer Abdalrahim F. A. Aisha et al. Rev. Bras. Farmacogn. / Braz. J. Pharmacogn.
-blank)/(absorbance of negative control -blank) x 100%. The experiment was repeated three times and the results were presented as average±SD.
Effect on caspases 3/7 of MCF-7 cells
Effect of stem extract on caspases 3/7 was studied as described in our previous publication (Aisha et al., 2009b) . Briefly, 3 x 10 4 MCF-7 cells were seeded in 200 µL medium. On the next day, the old medium was replaced with 100 µL fresh one containing different concentrations of extract. After 6 h treatment, caspase 3/7 reagent was added at 1:1 (v/v) and further incubated for 30 min at room temperature. Luminescence was measured and the results are presented as mean of relative light units (RLU)±SD (n=4).
Nuclear staining with Hoechst 33258
Nuclear staining with Hoechst 33258 was performed as previously described (Cheah et al., 2006; Chen et al., 2008) . Briefly, treated and untreated cells were washed with phosphate buffered saline (PBS) followed by incubation in 10 µg/mL Hoechst 33258 solution at room temperature for 20 min. At the end of incubation, cells were washed extensively with PBS and nuclear morphology was examined under IX 71 fluorescent microscope (Olympus, Japan). To quantify the apoptotic index, the percentage of single and multi intense-fluoresced cells (apoptotic morphology) were calculated from five random microscopic fields at × 20 magnifications.
Combination with tamoxifen
Effect of combination of the stem extract with tamoxifen on viability of MCF-7 cells was studied by XTT as explained above. The experiments were designed to study the effect of simultaneous and sequential treatment (See the diagram below).
In the first experiment MCF-7 cells were treated for 48 h with tamoxifen at 10 µg/mL, stem extract at 25 µg/mL and the combination of both. In the second experiment the cells were treated with tamoxifen at 10 µg/mL or the extract at 25 µg/mL for 24 h. Then the first drug was removed and cells were treated with the other drug (cross match) for further 24 h. In the third experiment MCF-7 cells were treated for 48 h with tamoxifen at 5 µg/ mL or the extract at different concentrations 50, 40 and 25 µg/mL, and the combination of both. Then viability of cells was determined and the percent of inhibition was calculated for each treatment alone and the combination.
Statistical analysis
The results are presented as mean±SD. Differences between groups were analyzed either by student t-test or One way ANOVA, and differences were considered significant at p<0.05.
Schematic diagram explaining the combination experiment with tamoxifen.
Results
Preparation of BA fraction
BA fraction was prepared successfully in a simple process from the methanolic extract of SA leaves. The wt/wt percentage yield, to the dry plant material, was satisfactory (1.5% wt/wt). In previous study we showed that methanolic extracts of SA are rich in polyphenols (Aisha et al., 2011) , which are highly soluble in methanol. Principally, the preparation of BA fraction is based on the different solubility patterns of triterpenes including BA and the polyphenols content of the extract. In cold methanol the triterpenes are highly insoluble whereas the polyphenols are highly soluble. Therefore the solid residue that remains after washing with cold methanol will contain high contents of triterpenes. The purity is increased by repeated washing and by further crystallization in 4:1 methanol:n-hexane. Since BA has remarkable pharmacological properties and since S. aromaticum is widely available in most Asian countries, this process has a potential for commercial and medicinal applications.
Identification of BA
BA in the BA fraction prepared from the leaves extract of SA was primarily identified by comparing the HPLC retention time with that of BA standard ( Figure  1A, B) . Afterwards, the MS analysis was performed which further confirmed the identity of BA. Figure 1C and D shows the mass spectrum of the standard BA and BA fraction. The same peaks for both BA standard and the BA fraction were obtained at m/z 455.3, 456.1 and 457.1 which correspond to the different isotopic patterns of BA and confirm the identity of prepared BA.
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Quantification of BA, UA and OA in SA extracts and BA fraction
The extracts were analyzed by HPLC for the presence of BA, UA and OA. HPLC chromatograms are shown in Figure 2 and indicate the presence of the aforementioned triterpenes. Then concentration of BA, UA and OA in the extracts was determined quantitatively by applying the linear regression equations of reference compounds (Table 1) . The results as wt/wt percentage indicate BA as the main triterpene component of the extracts followed by UA, and lesser amounts were found for OA (Table 1 ). The highest levels of BA were obtained in the leaves extract. Quantitative analysis of BA in BA fraction indicates the presence of BA at 75±0.2% wt/wt and OA at 15±0.4% wt/wt.
Stem extract exhibited selective cytotoxicity on MCF-7 cells
Cytotoxicity testing of the extracts was done by XTT assay firstly on MCF-7 cells. The three extracts reduced viability of MCF-7 cells in a dose dependent manner. IC50 values were calculated from the dose response curves and indicate the stem extract as the most potent with IC50 33±1.6 µg/mL. Extracts from bark and leaves were less active with IC50 38±0.9 and 69±0.7 µg/ mL, respectively. IC50 of BA fraction and tamoxifen were 47±1 and 8.2±0.5 µg/mL, respectively. Then we studied cytotoxicity of stem extract on MDA-MB-231 cells. The extract was less cytotoxic on MDA-MB-231 compare to MCF-7 cells; the calculated IC50 was 79±3 µg/mL (Figure 3) . Syzygium aromaticum extracts as good source of betulinic acid and potential anti-breast cancer Abdalrahim F. A. Aisha et al. obtained at 50 µg/mL and above, p values = 0, and no significant effect was achieved at 25 µg/mL, p>0.05.
Nuclear staining with Hoechst 33258
MCF-7 cells were treated for 6 h with four concentrations of stem extract versus the vehicle as a negative control and tamoxifen at 10 µg/mL as a positive control. 
Stem extract induced caspases 3/7 activity
Effect of stem extract on the early markers of apoptosis namely caspases 3/7 was evaluated on MCF-7 cells after 6 h treatment with the extract or tamoxifen. The extract enhanced the activity of the executioner caspases in a dose dependent manner (Figure 4 ). Compare to untreated cells, significant activation of caspases 3/7 was 
Combination study with tamoxifen
The effect of simultaneous treatment of the extract at 25 µg/mL and tamoxifen at 10 µg/mL is presented in Figure 6A . Treatment of MCF-7 cells with tamoxifen and the extract alone resulted in 98±1% and -4±4% inhibition, respectively. Simultaneous treatment of MCF-7 with both reagents reduced the percent of inhibition to 48±6%.
Treatment of MCF-7 cells with tamoxifen at 10 µg/mL for 24 h followed by treatment with the extract at 25 µg/mL reduced the percent of inhibition of tamoxifen from 100±1% to 42±0.1% ( Figure 6B ). Likewise, treatment of MCF-7 cells with the extract at 25 µg/mL for 24 h followed by treatment with tamoxifen at 10 µg/mL reduced percent of inhibition of tamoxifen from 98±1% to 30±1% ( Figure 6C ). Simultaneous treatment of MCF-7 cells with tamoxifen at 5 µg/mL and different concentrations of extract (50, 40 and 25 µg/mL) did not show antagonistic effect. On the contrary, remarkable enhancement of the activity was observed particularly with the extract at 25 µg/mL ( Figure 6D ).
Discussion
In the present study, we report the presence of high concentration of BA, UA and OA in SA extracts and we describe a simple process to prepare BA fraction from the leaves extract without the use of column chromatography. Then we investigated the anti-breast cancer effect of the extracts on two breast cancer cells MCF-7 and MDA-MB-231.
Cytotoxic effect of the extracts was first evaluated on the hormone dependent MCF-7 cells, the results indicate the stem extract to be the most potent and selective. Even though the leaves extract shows the highest levels of BA (17% wt/wt), it showed the least cytotoxic effect on MCF-7. Likewise BA fraction showed a mild cytotoxicity on MCF-7. Taken together we can conclude that the reported cytotoxicity on MFC-7 cells is not due to presence of BA but due to other compounds. Afterwards, we studied the apoptotic potential of the stem extract on MCF-7 targeting two apoptosis markers viz. caspases 3/7 as early markers and chromatin condensation as a late marker of apoptosis. The stem extract caused activation of the apoptotic machinery of cell death by activating caspases 3/7 and also caused chromatin condensation and nuclear fragmentation in the MCF-7 cells. In order explore the anti-estrogen potential of the extract we studied the cytotoxicity on a hormone resistant breast cancer cell line MDA-MB-231. The results show that the extract is two times more cytotoxic on MCF-7 than MDA-MB-231 cells. This result further suggests the potential anti-estrogen effect of the extract.
Combination of the stem extract at 25 µg/ mL with tamoxifen at 10 µg/mL caused reduction of cytotoxic effect of tamoxifen on MCF-7 cells by half suggesting antagonistic activity. Likewise sequential treatment of MCF-7 cells with tamoxifen and the extract resulted in less cytotoxicity than tamoxifen alone.
Syzygium aromaticum extracts as good source of betulinic acid and potential anti-breast cancer Abdalrahim F. A. Aisha et al. However, combination of different concentrations of the extract (50, 40 and 25 µg/mL) with low concentration of tamoxifen (5 µg/mL) did not show any antagonistic activity but at 5 µg/mL of tamoxifen and 25 µg/mL of the stem extract, a marked improvement in cytotoxic activity was observed. In conclusion, the stem extract of S. aromaticum can enhance the cytotoxicity of tamoxifen at low concentration of the drug against MCF-7 but at high concentration it has strong antagonistic effect.
SA has two potential medicinal applications the first one is providing a source for BA and other triterpenes which were reported to have anticancer, antiinflammatory, antiangiogenic and other pharmacological properties. The second potential application is the synergistic effect with tamoxifen and the potential preventive effects on breast cancer. Figure 6 . Combination studies of Syzygium aromaticum stem extract and tamoxifen by XTT assay. Simultaneous treatment with extract at 25 µg/mL and tamoxifen at 10 µg/mL (A). Sequential treatment with tamoxifen at 10 µg/mL for 24 h followed by treatment with the extract at 25 µg/mL for another 24 h (B). Sequential treatment with the extract at 25 µg/mL for 24 h followed by treatment with tamoxifen at 10 µg/mL for another 24 h (C). Simultaneous treatment with extract at different concentrations and tamoxifen at 5 µg/mL (D).
